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Technology Transfer Program Resources ¢ Nasa
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Té_ChnoIO'gy Transfer Success

REJUVEL® ANTI-AGING FACE CREAM

The key ingredient in REJUVEL product formulas is a
composition consisting of polypeptide growth factors and
immunomodulating agents derived from 3-D cell cultures
. of human dermal fibroblasts grown using NASA patented
technology” in a bioreactor in a microgravity environment.

censed from the National Aeronautics and Space Adroinistration apd Administrators

of the Tulane Educational Fund under U.S. Patent No. 6,730,498,

REJUVEL <1

*CREME OF YOUTH®




Té.chnoIO'gy Transfer Success

ADVANCED DIAGNOSTIC
ULTRASOUND IN MICROGRAVITY
(ADUM)




| .Todé-y’s Lic_ens_i_ng'Oppo._rt'u-nity:

Infrared Contrast Analysis and Imaging

INFRARED
THERMOGRAPHY
IMAGE
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DAMAGE BOUNDARY




'Benéfi"cS'Of'I'R Ccntra's_t'Teéhn'iques .

Best available characterization of flaws and anomalies in
nonmetallic composite structures

— Detects smaller flaws
— Quantitative and qualitative information about shape, size,
depth, and location

— Automatically defines flaw boundaries
 Faster and easier to use (saves time and money)
* More reliable (calibrated, objective, repeatable)
e Compatible with existing hardware systems (cost-effective)



- Dr. Ajay Koshti .




Novel FIash IR Thermography Technlques
«and Software Routines

“Normalized Contrast”:
Processed Thermography Response

Goal: Improved
Flaw Characterization

Intellectual Property
e US Patent 8,577,120
* Patent Pending
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IR Contfast Originated in Space Shuttle Program .

ORBITER NOSE CAP
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RCC D:am'ag-e -Tolerahce_ I'mpa'ct Test

on the Orbiter Wing Leading Panel .

VISIBLE
CRACK

IMPACT
LOCATION

IPSS 16R-DT-2

Post Test

K PROCESSED INFRARED IMAGE )

- e [

POST IMPACT PHOTO

13



' NASA

IR Contrast A.n'aIysi's of Grap'h_ite/E'poxy. Fiber Tan.k.

ALL COMPOSITE FUEL TANK
MORPHEUS PROJECT

NORMALIZED CONTRAST IMAGE

LIGHT AREAS
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' NDE of Ihte'rna_tionaI.Spac_e' Station (1SS) ‘. Nasa
« Radiator Panels - S, ~

VOID INDICATION IN INFRARED\-I
THERMOGRAPHY IMAGE /

FLASH THERMOGRAPHY OF
ISS RADIATOR PANELS
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Flash'IR Th.e'rmogr'aph'y'Eq'qipmént and Setup .

INSPECTION OF SHUTTLE ORBITER WING USING

SCHEMATIC OF FLASH HOOD FLASH INFRARED THERMOGRAPHY AT NASA KSC

Opening in

Back Face .~ IR Camera
of Hood F_\é .
.*. \ ?*,l/‘ ash Lamp

-~ Hood

"

/ Part = =g
] stand-off

DATA ACQUISITION SYSTEM, GLASH HOOD)
FLASH LAMP POWER SUPPLY
FLASH DURATION CONTROLLER

16



Principle of Flash Thermography

Delamination Detection

SCHEMATIC OF HEAT FLOW THROUGH CROSS SECTION OF THE PART

GLOWER COOLING OF SURFACE

OVER DELAMINATION

UNIFORM COOLING
OF SURFACE

GORMAL COOLING OUTSIDB
A £

DELAMINATION REGION

DELAMINATION

UNIFORM NORMAL HEAT
CONDUCTION OVER GOOD AREA

NON-UNIFORM HEAT CONDUCTION
OVER AREA WITH DELAMINATION

Slower surface cooling in the delamination region is detected

by Infrared camera as warmer surface area.




Single Point Contrast Data Extraction

.and Boundary Identification-.

Fle Contrast Options About  Palette
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* Normalized IR Contrast

. Single Point Data Extraction:
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Primary Difference Between Commercial ‘. Nasa

Software and IR Contrast Method

(200 i 5|rn1?|a Conl-rast ) \
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Normalized Contrast Evolution
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| IR CONTRAST EVOLUTION:

NORMALIZED CONTRAST
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COMMERCIAL SOFTWARE: PROCESSING

IS IN PIXEL INTENSITY DECAY DOMAIN,

EXCELLENT FLAW DETECTION

Normalized Contrast
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IR CONTRAST PROCESSING IS IN NORMALIZED
CONTRAST EVOLUTION DOMAIN: MEANT FOR

FLAW CHARACTERIZATION AND FOR DETECTION.




Défin'i’gi'on of Normalized IR Contrast

T = Temperature or pixel intensity of Measurement point at time t

TO = Average Temperature or pixel intensity of Measurement point just before Flash
TR = Temperature or pixel intensity of Reference point at time t

TRO = Average Temperature or pixel intensity of Reference point just before Flash

E’t = Normalized IR Contrast

AT =T-T"
AT, =T,-T,
AT - AT,

|

AT + AT,
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IR Contraét Measurements Relate to Flaw
Detection, Measurement, and Monitoring

NORMALIZED CONTRAST EVOLUTION
Normalized Contrast Evolution
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Example of NDE MIL-HDBK-1823 Probability of * ¥

Detection Analysis Based-on Peak Contrast
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Example of NDE MIL-HDBK-1823 Probability of * , Mask

Detectjon Analysis Based on Peak Contrast -
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IVIuItlpIe Pomt Contrast Data Extractlon and
Boundary Identification

SELECTED INDICATIONS

Developer. NASA Johnson Space Canter

I T

Intenaty  Xval Yval
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IR Cbntfgét 'QUahtitat'ivé.._AnaIYsis of Data
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Q'tjan,t.itati\)e S'ign_alAmplitudéMéasures and * . /Nasa

Estimation of Flaw Size.and Depth
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NI:DE,'of Space Shuttl'e._Wi‘ng
« Flaw Size Mapping

FLASH INFRARED THERMOGRAPHY
INSPECTION OF
SPACE SHUTTLE WING LEADING EDGE
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Quantitative Signal Amplitude Measurements: * . Nas

Persistence Energy and Peak Contrast
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Normallzed Contrast Image Response to
« Flash Thermography

NORMALIZED CONTRAST IMAGE

2-Contrast

Frame #

A e

c9es

1. QUANTITATIVE
' CONTRAST SCALE

RED AREAS INDICATE
DELAMINATION/VOIDS

Quantitative scale is useful in threshold based
accept/reject decision of the inspection




'Normélized'Tem'peréf;ure Contrast .

TEMPERATURE CONTRAST REDUCES EFFECT OF REFLECTIONS
PROVIDING HIGHER SIGNAL RESPONSE AND IMPROVING SENSITIVITY.

0.5

—— Temperature
Contrast

—— Image Contrast

Normalized Contrast

Emissivity = 0.78

\ J
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Advapiagés of IR Coh.fcrast'lvléthod .

Provides characterization of flaws in nonmetallic composite materials and
thin metallic materials

Reflection correction and signal processing to improve signal to noise ratio
improving flaw detection sensitivity

Quantitative and qualitative information about shape/size, depth, and location
Repetitive amplitude measurements suited for flaw growth monitoring
Signal response similar to that in ultrasonic pulse echo testing

— Helps NDE personnel in thermography inspection process, data analysis
and interpretation

Suitable for MIL-HDBK-1823 flaw size versus signal response Probability of
Detection analysis

Post processing can be adapted to existing infrared thermography data
acquisition systems

IR Contrast methods can augment current single sided IR data processing methods
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| : - Composites I\'/_Iarke't. '

~N
Global Aerospace Composites Market
$10.3 Billion In 2012
,
4 )
Demand for Composites is Expected to Grow
10 Percent Per Year
. y,
Source: Jan. 1, 2014, Composites World, http:/ /s compositesworld.comartcls/the-markets-aerospace-2012 36
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Contact Us

@ If you are interested in partnering or licensing, please contact ...
Michelle Lewis

E-mail: jsc-techtran@mail.nasa.gov

Phone: (281) 483-3809

@ Connect with us online
http://technology.jsc.nasa.gov

Review Flash IR Thermography portfolio online

http://www.nasa.gov/centers/johnson/techtransfer/technology/
MSC-24444-1_ Flash-IR.htmI#.U9ZwvPIdWSo



